A new guided wave imaging application for fast, low-cost ultrasound-based cargo scanning system is proposed. The ultimate goal is the detection of high-atomic-number, shielding containers used to diminish the radiological signature of nuclear threats. This ultrasonic technology has the potential to complement currently deployed X-ray-based radiographic systems, thus enhancing the probability of detecting nuclear threats. An array of ultrasonic transceivers can be attached to the metallic structure of the cargo to create a guided Lamb wave. Guided medium thickness and composition variation creates reflections whose placement can be revealed by means of an imaging algorithm. The knowledge of the reflection position provides information about the shielding metallic container location inside the cargo. Moreover, due to the low coupling between metallic and nonmetallic surfaces, only the footprint of metallic containers shows up in the imaging results, thus avoiding false positives from plastic or wooden assets. As imaging capabilities are degraded if working with dispersive Lamb wave modes, the operating frequency is tuned to provide a tradeoff between low dispersion and real-time image resolution. Reflected waves in the guided domain bounds may limit the performance of imaging methods for guided media. This contribution proposes a solution based on realtime Fourier domain analysis, where plane wave components can be filtered out, thus removing nondesired contributions from bounds. Several realistic examples, scaled due to limited calculation capabilities of the available computational resources, are presented in this work, showing the feasibility of the proposed method.
Introduction
Nonproliferation of nuclear threats has been identified as a critical objective in the war against nuclear terror. To ensure effective nonproliferation, it is critical to proactively identify the transport of commodities associated with illicit nuclear materials and nuclear weapons.
Radioactive atoms, typically characterized for having a high atomic Z-number, for example, plutonium (Z ¼ 94) and uranium (Z ¼ 92), are unstable and give off various types of radiations, including gamma rays and neutrons. Gamma-ray spectrum analysis and neutron detectors, based on helium-3 gas, can be used to detect these types of nuclear radioactive materials [1] . Unfortunately, the signatures of these radiological materials can be diminished by enclosing them in a container made of other nonradiological, high Z number materials, like lead (Z ¼ 82), thus making its detection difficult. Dual-energy radiography systems and X-ray back scattering can be successfully used to detect the shielding materials; and they are widely used in existing state-of-the-art cargo-inspection security portals [2] . However, this type of detection can be difficult in cargo environments cluttered by high-density materials. Furthermore, those high Z-number shielding containers can be concealed within the cargo structure as depicted in Fig. 1 .
This contribution introduces the theoretical bases as well as the proof-of-concept for a fast, low-cost ultrasound imaging system, operating at 100 kHz, capable of detecting the footprint of metallic containers or concealed compartments within cargo boxes [3] [4] [5] as depicted in Fig. 2 . If made of high Z-number material, these compartments can be used to conceal the radiologic response of nuclear threats. The proposed sensing technology aims to complement existing cargo screening systems (e.g., X-ray scanners) providing a complimentary noninvasive detection method.
For this purpose, an array of ultrasonic transceivers is attached to the metallic structure of the cargo to create a low-dispersive guided Lamb wave. Variation in the media composition and/or thickness creates reflections that can be detected in the images provided by an imaging algorithm.
The system is based on the assumption that cargo containers have a flat metallic base plate, so transducers can be placed at the sides of the plate for scanning, as depicted in Fig. 2 . In practice, not all the cargo containers have a metallic base plate. Wooden floors can be found in some of them (truck and ship cargo containers mainly). Only those built for special goods (e.g., refrigerated containers) are fully made of steel or aluminum [3] , sometimes consisting on welded metallic plates in the case of large containers. However, there are scenarios where single metallic base plate containers can be found quite often, e.g., air cargo [4, 5] (Fig. 1) . In particular, in the air cargo container specifications described in Ref. [5] , it is stated "The base 1 is made of a material having a shear strength of at least 7300 psi (50 MPa). It may be made of an aluminum alloy sheet material which is preferably about 2.5 mm thick."
In order to validate the feasibility of the proposed ultrasoundbased imaging system for cargo inspection, this contribution focuses on the evaluation of the imaging technique for different transmitting and receiving transceiver layouts, ranging from a full transmitting and receiving phased array to a single transmitter with few receiving positions. The goal is to prove that the method is capable of detecting the footprint of metallic objects in cargo. The imaging technique is mainly based on the well-known time reversal method, also known as "delay-and-sum," suitable for synthetic aperture and phased array systems [6] [7] [8] 26] . A Fourierbased filtering for dealing with nondesired reflections is also tested, thus extending the two-dimensional (2D) validation based on acoustic waves presented in Ref. [9] .
[10], aircraft inspection [15] , and medical imaging [16] . Among the large amount of ultrasonic techniques, the use of guided waves [17, 18] (e.g., Lamb waves [19] [20] [21] [22] ) has been found to be of interest in applications such as rail and pipe testing [11, 12] , weld inspection [13] , or aircraft lap joints [14] . Guided wave imaging techniques have been developed for this purpose [6, 7] .
The imaging problem in guided wave structures becomes more challenging as the waveguide is bounded by reflecting interfaces. Optimal imaging needs to take into account all ultrasonic reflections of the wave from each possible scatterer. To overcome this limitation, a matched filter-based imaging method is proposed in Ref. [8] , achieving high resolution images. The limitation is that the knowledge of the medium geometry is required.
Wave analysis in the wavenumber or Fourier domain has also been explored. The knowledge of the different modes propagating through the guided media [23] can be used to recover information about the location of cracks and media inhomogeneities, as proposed in Refs. [24, 25] .
As indicated in Ref. [8] , reflected waves in the guided domain bounds may limit the performance of imaging methods for guided media. This contribution takes advantage of a solution based on a real-time Fourier domain analysis, where plane wave components can be filtered out, thus removing nondesired contributions from the geometry bounds.
2.2 Ultrasound Imaging Algorithm. The proposed ultrasonic imaging system has the setup depicted in Fig. 3 . Several transmitters and receivers are placed along the x-axis for a fixed yaxis position, y obs . Imaging domain points are denoted as (x 0 , y 0 ). Range is y-axis (depth) and cross-range is x-axis (aperture).
Imaging domain ultrasonic reflectivity, q(x 0 , y 0 ), can be estimated from the displacement recorded in the receivers, U(x, y obs , f) over a certain frequency bandwidth, B (spanning from 0 to f max ), by backpropagating the recorded displacement, adding them coherently [26] . For the case of a single evaluation point (x 0 , y 0 ), reflectivity is given by Eq. (1)
where k 1 is the medium wavenumber, k 1 ¼ 2pf/c 1 , and c 1 is the excited Lamb mode velocity in the supporting medium (e.g., the metallic structure of the cargo). R and R obs are defined as
with (x Tx , y Tx ) the position of the transmitter. Df is the frequency sampling rate. If the displacement is recorded in a time interval t at every receiving position x, u(x, y obs , t) ranging from t 1 to t 2 , in Dt time steps, then, the relationship between time and frequency is
The displacement in the frequency domain, U(x, y obs , f), is calculated by simply taking the Fourier transform of the recorded displacement in the time domain, u(x, y obs , t) Uðx; y obs ; f Þ ¼ R t uðx; y obs ; tÞexpðÀj 2pftÞ; t ¼ ½t 1 : Dt : t 2 (6) The imaging system is proposed to be used in a guided medium, such as a metallic plate which thickness much smaller than its width and length. Reflections in waveguide sides create nondesired responses in the resulting image that degrade the system performance. To overcome this limitation, the observed displacement can be analyzed in the Fourier domain [27] , filtering out nondesired plane wave contributions, as proposed in Ref. [24] . As y obs is constant (i.e., the position of the aperture in the range axis), only the Fourier transform across x-axis (cross-range) needs to be calculated
k x is the x-component of the k 1 wavenumber, ranging from Àp/Dx to p/Dx, where Dx ¼ x 2 À x 1 , is the sampling rate of the aperture (cross-range axis) [27] . The spectral resolution, Dk x , is inversely proportional to the aperture size, L Rx Dk x ¼ 2p=L Rx (8) By expressing the observed displacement in the Fourier domain, different plane wave contributions, or, in other words, different angle-of-arrival, can be identified. For this purpose, the frequency axis is mapped into the k y axis [27] Fig. 1 Two examples of cargo containers with a metallic base plate, the second having a shielded camouflaged compartment that can be used for concealing goods or radioactive threats. Cargo schemes extracted from Ref. [4] .
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Transactions of the ASME Thus, the plane wave spectrum of the observed displacement can be represented in the k x -, k y -domain, identifying the angle-ofarrival of the different plane wave components, as shown in Fig. 4 .
Reflections in waveguide limits can be identified with those plane wave components with large angle-of-arrival values. In a limit case, filtering out all the plane wave components with angleof-arrival greater than 0 deg would allow to identify the range position of all the objects within the waveguide, but at the expense of losing cross-range information. Thus, a tradeoff between range and cross-range information retrieval is set, by filtering out all the plane wave components with angle-of-arrival larger than a
Finally, the filtered displacement in the Fourier domain is transformed back into the spatial x, y-domain
Ultrasonic reflectivity can be recovered by applying Eq. (1) . In this case, responses due to reflections in walls with angles larger than a will not appear in the recovered ultrasonic reflectivity image.
2.3 Scanning System Implementation. As depicted in Fig. 2 , the scanning unit is formed by a control unit and an array of transceivers (one transmitter and several receivers) that moves along the metallic base plate of the inspected cargo. A second scanning unit can be placed at the opposite side of the cargo in order to increase the accuracy of the scanning system.
The operation mode is as follows: first, at every position, the array of transceivers is attached to the metallic base plate. Next, the transmitter excites a guided wave, and receivers record the reflected waves. After that, the array of transceivers is detached from the plate, and moved to the next section of the metallic base plate to be scanned. Finally, the ultrasound responses of every scanned section are processed and plotted together, resulting in a single ultrasonic image of the metallic base plate. Although the ultrasound-based scanning system has not been implemented yet, preliminary studies concerning the choice of the ultrasonic transducer technology that fits best the proposed system have been conducted.
The preferred solution is based on angle beam transducers (represented in Fig. 2 ), suitable for ultrasonic inspections with surface waves, where the excited Lamb mode can be controlled by the angle of the wedge [28, 29] . The choice of a contact method is supported by the low cost of the transducers and the better dynamic range with respect to contactless solutions.
Electromagnetic acoustic transducers (EMAT) [13] , whose scope of application is mainly restricted to electrically conduction objects (and thus metallic plates), have been considered as the best choice in case contactless sensors were needed, e.g., for the inspection of nonpolished metallic base plates that might damage contact transceivers. EMATs exhibit higher dynamic range than air-coupled transducers [30] , although low noise amplifiers are likely to be required for signal amplification, thus increasing the complexity of the array of transceivers. Previous researches have successfully proved the capability of EMATs for Lamb wave modes excitation [31, 32] .
The placement of transmitting and receiving transducers also plays a key role in the design of the scanning system. This issue will be analyzed in Sec. 3.1, comparing several transmitting and receiving layouts, discussing the advantages and disadvantages of each.
Validation Examples
Three simulation-based examples are shown in Secs. 3.1, 3.2, and 3.3, each consisting of a more complex and realistic scenario than the predecessor. The forward ultrasonic problem is simulated using a 3D finite element method (FEM) [33] . Due to the moderate computational cost associated to FEM codes (both time and memory), and the limited computational resources (conventional laptop with 4 GB RAM and Intel V R Core TM i5 Quad-core central processing unit at 2.67 GHz) available for testing the proposed scenarios, a smaller version of the realistic scenarios (overall dimension smaller than 1 m) is considered.
Nonetheless, thicknesses of the metallic and nonmetallic plates are the same as in a full-size problem, so the proposed modal analysis and imaging methodology can be straightforwardly used in simulated or measured data from large scattering problems. Additionally, the proposed un-optimized imaging algorithm can be used in real-time applications since calculation time is less than 5 s in the aforementioned conventional laptop. First, the example described on page 8 of Ref. [34] (4 mm thick and 200 mm long steel plate, with Young's modulus E ¼ 205 GPa, Poisson's ratio ¼ 0.30 and density q ¼ 7800 kg/m 3 ) has been simulated, in order to validate the selected software [33] . Phase velocity curves, group velocity curves, and Lamb wave modes have been calculated from simulation-based displacement results. Results representation fit those depicted in Figs. 1, 2, and 12 of Ref. [34] , respectively, thus confirming that the proposed model developed with the commercial software [33] can be considered valid. 
axis) sampling rate is taken to avoid spatial aliasing, which is proportional to the separation between array elements. In layout I, all the elements will transmit at the same time, thus creating a plane wave that propagates toward the y (range) axis. This configuration is equivalent to a phased array system where all the elements transmit with the same delay [35] . A windowed tone burst is chosen as the excitation signal. The length of the rectangular window is equal to one period of the tone. Center frequencies from 50 kHz to 400 kHz were considered. The excitation signal bandwidth is 100% with respect to the tone frequency (e.g., from 25 to 75 kHz for the 50 kHz windowed tone burst). These excitation signals are chosen as a tradeoff between dispersion and range resolution. Larger bandwidth improves range resolution, but at the expense of increasing dispersion. Time axis is sampled every Dt ¼ 1 ls, recording the displacement from t 1 ¼ 0 ls to t 2 ¼ 200 ls.
Lamb Wave Modes
Either when considering the x-cut without (x ¼ 40 cm, Fig. 6 ) or with the metallic box on top of the plate (x ¼ 22 cm, Fig. 7) , it is observed that only the S 0 mode is present up to 100 kHz. For higher excitation frequencies (400 kHz), S 0 , A 1 , and S 2 modes are excited. Thus, in order to avoid significant dispersion that degrades imaging results, a 100 kHz excitation tone is considered in further examples.
Layout I Imaging Results.
Once the frequency of the excitation tone is chosen, imaging results for transmitting and receiving configuration layout I are retrieved. In this case, the receivers record the displacement along y ¼ 0 m line. The timecross range response is plotted in Fig. 8(a) , where the reflections happening at the y ¼ 25 cm edge as well as the front and rear metallic plate-box interfaces are clearly visible. Note that also the second reflection is also noticeable. After the first reflection, edge plate modes distort the backpropagated displacement (X-shape features observed in Fig. 8(a) ).
It must be indicated that the reflection happening at the edge of the plate (y ¼ 25 cm for this example) opposed to the transmitter can be used together with the apriori knowledge of the plate width to recover an accurate estimation of the excited Lamb mode velocity, c 1 . As the distance at which the opposite edge reflection happens is known (that is, the plate width), it is possible to calculate the c 1 value to set this reflection in place (c 1 ¼ 5100 m/s for this example).
The recorded displacement is transformed into the k-space by taking the fast Fourier transform across time and cross-range (x-) axis (Eqs. (6) and (7)). The plane wave spectrum is plotted in Fig. 8(b) . As the array of transmitters creates a plane wavefront, most of the wavemodes correspond to normal direction of arrival. Finally, the wavemodes are transformed back in the range-cross-range imaging domain, yielding the footprint image depicted in Fig. 8(c) . The backpropagated displacement matches the true footprint of the considered layout.
As mentioned before, separation between sensors in the crossrange (x-) axis, Dx, has to be chosen to prevent aliasing. Recovered images for different Dx values ranging from 1 cm to 10 cm are depicted in Fig. 9 . Spatial aliasing degrades cross-range image resolution for higher Dx values.
Layout II Imaging Results.
For the considered arrangement of transmitters and receivers (layout I), k-space domain filtering does not have a significant impact in the improvement of the image quality as most of the wavemodes are in the k x ¼ 0 axis. The effectiveness of k-space filtering is shown in layout II, consisting of a single transmitter and a full array of receivers. The number of receiving elements is again 50, with Dx ¼ 1 cm spacing. A point sourcelike transmitter is considered, creating a cylindrical pressure wave. Figure 10(a) shows the recorded time-cross range displacement for a single transmitter placed at x Tx ¼ 25 cm (with x Tx the position of the transmitter). Note that the excitation corresponds to a cylindrical wave, as opposed to layout I, which was a plane wave. Then, the k-space response (Fig. 10(b) ) shows plane wave components propagating in all the possible traveling directions (filling the k-space domain), as expected for a cylindrical wave. The backpropagated displacement shows up neither the footprint of the box nor the plate edge at y ¼ 25 cm, but the wavefront of the cylindrical wave (Fig. 10(c) ).
To remove nondesired cylindrical wave components, k-space filtering can be applied with small a-angle (e.g., a ¼ 5 deg). Filtered k-space domain is plotted in Fig. 10(d) , where only components with k x ( k y are left. That is, only those plane waves traveling in the y-axis are considered. The backpropagated displacement of the filtered wavemodes is depicted in Fig. 10(e) , where the reflections happening at y ¼ 25 cm and on the front and rear plate-box interfaces are visible. The price to pay is a loss of cross-range resolution: for an a angle close to 0 deg, only the backpropagated displacement across x ¼ x Tx ¼ 25 cm is recovered. This response is replicated throughout the entire cross-range (i.e., for every x-axis value). Finally, for the sake of clarity, the displacement across y-axis for x ¼ 25 cm is depicted in Fig. 10(f) , comparing the results before and after k-space filtering. The concept of k-space filtering is also illustrated in Fig. 11 , where the filtered displacement in the k-space (left column plots) and the backpropagated image (right column plots) is depicted for different a angles. In this case, the point sourcelike transmitter is placed at x Tx ¼ 30 cm. For a ¼ 40 deg, the reflection at y ¼ 25 cm is slightly noticeable, as well as the reflection of the transmitted cylindrical wave on the lateral sides of the metallic plate (located at x ¼ 0 and 50 cm, y ¼ 15 cm).
It is possible to increase the cross-range imaging resolution by placing more transmitters in the y ¼ 0 axis, as depicted in Fig. 5 , layout II. The same k-space filtering as explained before is carried out for the recorded displacement for every transmitter. Moreover, an additional cross-range mask with L ¼ 5 cm width, centered on every transmitter, is applied. Imaging results are depicted in Fig. 12 for all the 11 considered transmitters. Note that for every L ¼ 5 cm section, the image remains constant across x-direction. Increasing the number of transmitters will lead to the same image as in Fig. 8(c) .
Layout III Imaging
Results. Practical implementation of the ultrasound imaging system using the transmitting and receiving layout II supposes an advantage with respect to layout I as the number of transmitters is reduced from 50 to 11, although the number of receivers is still high: 50 receivers evenly spaced in the 50 cm length edge are used.
This issue is studied with the transmitting and receiving arrangement presented in layout III, consisting of a single transmitter and an array of receivers of length L Rx . Separation between receiving elements is again 1 cm. The transmitter and the receiving array are displaced in 5-cm step along the x ¼ 0 side of the plate, then applying the same cross-range mask as for imaging results with layout II. In practice, this is equivalent to the configuration depicted in Fig. 2 , where the ultrasound sensor would be static while the cargo moves through the scanning facility allowing the imaging of the metallic base plate.
For layout III, the parameter to be swept is L Rx . Imaging results for L Rx ¼ 10 cm, 20 cm, and 40 cm are depicted in Figs. 13(a)-13(c) , respectively. For every case, the number of receiving elements is 10, 20, and 40. As expected, cross-range resolution is reduced for smaller receiving arrays ( Fig. 13(a) ). A L Rx ¼ 40 cm receiving array yields similar resolution as the full receiving array of layout II.
Thus, practical implementation of the scanning system depicted in Fig. 2 would be feasible using a single transmitting transducer, and an array of 40 receiving transducers, resulting in a simpler setup with respect to the use of a full array of transmitting and receiving transducers (layout I).
3.1.5 Phased Array Analysis. Layouts I, II, and III can be studied from the point-of-view of phased array theory. As described in Ref. [35] , there are two main kinds of approaches for imaging systems: conventional full phased array (FPA) imaging that produces the best image quality by using all elements for both transmission and reception, and classical synthetic aperture (CSA) imaging, with one transmitter or receiver element at the same time. FPA requires complex hardware to synchronize transmission and reception, whereas CSA image is created by coherently combining the images for multiple positions, thus simplifying hardware complexity.
An idea of the effective aperture is given by the convolution of the transmit and receive aperture functions, and is denoted coarray [35] . Figure 14 shows the comatrix representation (in this matrix, each transmit/receive element pair contributes to a specific bin of the coarray [35] ) and the resulting coarray functions. For illustration purposes, arrays of eight elements are considered. Layout I, which corresponds to an FPA, produces the highest coarray function, thus resulting in the highest image resolution. If one out of five transmitting elements are considered (layout II), sparse transmitting array, the resulting coarray function is flattened, resulting in loss of resolution (Fig. 12) . Finally, layout III exhibits a narrower coarray function, reducing even more the resolution. To overcome this issue, layout III setup is moved to create a synthetic aperture (Fig. 13) , as proposed in the scanning system architecture depicted in Fig. 2. 3.1.6 Detection Capabilities Analysis. Once the effectiveness of the k-space filtering has been validated, attention will be put back on the imaging capabilities for the detection of metallic containers on cargo. For the sake of clarity, the transmitting and receiving layout I (full array of transmitters and receivers) is considered again. Figure 15 represents the imaging results for four different situations: Fig. 15(a) corresponds to the case in which nothing is placed on top of the metallic plate. The only noticeable artifacts are the first and second reflections on the x ¼ 25 cm edge, as well as the X-shape waveforms created by edge modes. Figure 15(b) shows the footprint when a wooden box (density 1200 kg/m 3 ), having the same dimensions and placed at the same position as the metallic box in Fig. 5 , is considered. The reflections in the steel-wood interface are hardly noticeable. Next, a box made of aluminum (density 2700 kg/m 3 , S-wave velocity 3100 m/s, Pwave velocity 6320 m/s) is considered. Imaging results are depicted in Fig. 15(c) where the aluminum box footprint becomes more noticeable than the wooden box. Finally, Fig. 15(d) corresponds to a box made of lead, a high Z-number material. Although the footprint is less intense than steel ( Fig. 9(a) ), it can be detected. To complement Fig. 15 results, Table 1 summarizes the mechanical characteristics and the acoustic impedance of the tested materials. Note that aluminum (Z ¼ 13) and lead (Z ¼ 82) have similar acoustic impedance, so it could be expected that they create footprints with similar intensities (Figs. 15(c) and 15(d) ).
As a conclusion, the footprint of containers made of materials with similar characteristics as the guided medium (in this case, a metallic steel plate) will show up. This fact is of interest in the case of compartments camouflaged in the cargo structure as illustrated in Fig. 1. 
Closed Metallic Container With a Box in It.
In the second example, the complexity of the geometry is increased by considering a closed metallic container with 1-cm thick walls. This kind of structure requires high energy radiation (e.g., X-ray) to be capable of penetrating the metallic walls for nondestructive testing (NDT). Thus, the interest of this example is to prove the capability of ultrasound imaging to detect a metallic object on the floor of a scaled metallic cargo container. The proposed setup is plotted in Fig. 16 . For the sake of clarity, the transmitting and receiving layout I (see Fig. 5 ) is considered.
Imaging results are plotted in Fig. 17 . Clearly, the reflection at the back side of the metallic container is again noticeable (happening at x ¼ 25 cm), as well as the reflections on the metallic box-container floor front and rear interfaces. as in the second example, but now with assets of different size, shape, and composition in it. The goal is to show that only the footprint of metallic objects is detected. The geometry model is plotted in Fig. 18 : plastic (one containing water), wooden, and metallic containers are considered. Fig. 16 ) consisting of a closed metallic container with a metallic box in it Figure 19 shows the imaged footprint for this third example. Only steel-made assets footprint is recovered. Note that in the case of the cylindrical metallic object, the tails are more noticeable than the ones for the cubic metallic container (the one marked with a "radiation hazard" warning sign in Fig. 18 ).
Conclusions
The set of simulation-based results have demonstrated the feasibility of using ultrasound guided wave imaging for inspecting cargo containers in real-time applications. Variations in the constitutive properties or thickness on the metallic floor of a cargo container create reflections that can be identified by the proposed imaging algorithm, thus revealing the location of the objects or concealed compartments inside the container. In particular, the imaging algorithm has been tested in a realistic scenario, consisting of a closed metallic container with several assets of different kinds inside of it. Not only the proposed ultrasound-based imaging methodology is capable of creating a footprint of the concealed metallic object but also it is not cluttered by other nonmetallic, low Z number structures. Location of the metallic objects is given with an uncertainty smaller than 4-5 cm for a 50 Â 25 cm scenario size. The proposed Fourier-based imaging technique has proved to be an easy and effective way to get rid of reflections in guided medium bounds and to generate real-time images. Further work is devoted to test the proposed methodology with measurements.
In summary, the proposed methodology presents a new paradigm on how to detect metallic containers on cargo, which can be used for shielding nuclear threats, by identifying their metallic footprint on the cargo metallic base plate. This methodology also has the potential to enhance the efficacy of high-energy NDT methods, such as X-ray inspection systems, traditionally used in similar applications. Fig. 18 Setup for the third simulation example. Transmitting and receiving layout I is considered. Colors indicate the composition of each asset. Fig. 19 Imaging results for the third simulation example (setup depicted in Fig. 18 ) consisting of a closed metallic container with several assets in it. Solid lines indicate the true footprint and the material of each asset.
